Florfenicol is a broad-spectrum, primarily bacteriostatic, antibiotic with a range of activity including many gram-negative and gram-positive organisms. This study was carried out to determine the in vivo effect of florfenicol on the paraoxonase (PON), catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase (GPX) activities on Morkaraman normal and lactating sheep. For these studies, three normal and three lactating sheep groups (55-60 kg) were selected for each of intramuscular administration for 24 h of florfenicol (30 mg/kg). Three normal and three lactating sheep groups were included in the study for a control group, which were not subjected to drug administration. For florfenicol, the mean of the hemolysate paraoxonase, glutathione peroxidase, superoxide dismutase, catalase activities and milk paraoxonase, catalase, lactoperoxidase, superoxide dismutase activity was determined and compared to the control group. According to the research results, while PON1 and CAT enzymes were activated, SOD and GPX enzymes were inhibited by florfenicol in both normal and lactating Morkaraman sheep. While florfenicol did not change milk PON1 and SOD activities, it significantly inhibited milk CAT and LPO enzyme activities.
Introduction

Florfenicol (2,2-dichloro-N-((1R,2S)-3-fluoro-1-hydroxy-1-(4-(methylsulfonyl)phenyl)
propan-2-yl)ethanamide) has been demonstrated to be active in vitro and in vivo against many gram-negative and gram-positive organisms [30] . In the treatment of bovine respiratory disease, florfenicol may be considered as bactericidal agent against some Mannheimia (Pasteurella) hemolytica and Pasteurella multocida when it is administered to achieve minimum inhibitory concentrations (MICs) [7] ; the minimum bactericidal concentrations (MBCs) are very close to the MICs.
There are also oxygen and reactive nitrogen species as well as superoxide radical, hydrogen peroxide and hydroxyl radicals in the body. Radicalic and reactive intermediates are chemically very active and they can oxidize nucleic acids, proteins and lipids in the environment leading to the reduction and elimination of them in their biological functions can create negative consequences in the body [17] . Against free radicals produced by the organism itself and the toxic effects of normal oxygen metabolism endogenous antioxidant system consists of antioxidant enzymes, catalase (CAT), paraoxonase (PON), glutathione peroxidase (GPX) and superoxide dismutase (SOD). These antioxidative enzymes prevent resulting/possible oxidative damages by eliminating radicals and reactives. They also take task in detoxification of xenobiotics, some antineoplastic drugs and certain metabolic end-products and enzymatic defense systems [3, 13, 24, 26, 28, 34] .
The enzymatic antioxidant defenses include paraoxonase (PON), superoxide dismutase (SOD), glutathione peroxidase (GPX) and catalase (CAT). Subsequent studies have shown that PON enzyme (paraoxonase/arylesterase) (PON; aryldialkylphosphatase, EC 3.1.8.1) is an organophosphatase with broad substrate specificity, including aromatic carboxylic acid esters such as phenyl acetate [6, 27] . The first functions of paraoxonases are hydrolysis of toxic organophosphates. PON can also be hydrolyzed to the carbonate esters, aromatic lactone, statin type drugs and pharmaceutical substances. In addition, PONs play a role in preventing the oxidation of LDL and the prevention of atherosclerosis, hypercholesterolemia, diabetes, and coronary vascular disease [14, [19] [20] [21] 23, 29] .
Catalase (CAT, H 2 O 2 : H 2 O 2 oxidoreductase; EC 1.11.1.6) is one of the principle antioxidant enzymes. In the presence of molecular oxygen, the primary functions of the CAT are catalyzed of dismutation reaction of a peroxide such as hydrogen peroxide and ROOH is synthesized in some positions of metabolism. It also especially prevents from irreversible damage in membranes [11, 22] .
Superoxide dismutase (EC 1.15.1.1) is also an antioxidant enzyme that catalyses the dismutation of the highly reactive superoxide anion to O 2 and H 2 O 2 [5, 17, 32] . SOD families include cytosolic Cu, Zn-SOD, mitochondrial Mn-SOD and extracellular Cu, Zn-SOD (ECSOD).
SOD plays a major role in the first line of antioxidant defense and high SOD activities are correlated with high immune competence [31] .
GPX (EC 1.11.1.19) catalyses the reaction of hydroperoxides using GSH, protecting mammalian cells against oxidative damage [1] .
Reactive oxygen species (ROS) such as the superoxide anion (O 2− ) and hydrogen peroxide (H 2 O 2 ), have been implicated in many of the events leading to the development of diseases such as cancer, allergy, atherosclerosis, and Alzheimer's disease [4, 12, 15] . Peroxidase acts as preventive antioxidants to detoxify damaging from blood and organic substrates [4] .
As decreased activity of PON, GPX, LPO, SOD and CAT has been acknowledged as a risk factor for cancer, allergy, coronary vascular disease, organophosphate toxicity, damaging to the structure of the membrane and DNA the factors affecting antioxidative enzymes activities must be well addressed.
While sheep are producing milk, nutrient requirements of sheep are especially high and their blood flows increases during lactation. Although florfenicol is widely used in sheep, their effects on the antioxidant enzymes activities of lactating and non-lactating sheep are not known. It is hypothesized that sheep producing milk eliminates the effects of florfenicol with antioxidative enzymes more than sheep not producing milk during lactation. Although florfenicol are being used commonly in sheep, the exact effect of this drug on paraoxonase, glutathione peroxidase, superoxide dismutase, catalase has been unknown in therapies on lactating and non-lactating sheep. There is also a deep need of understanding of the impact of commonly used this drug on the activity of these antioxidative enzymes. Therefore, the aim of this study was to examine the effects of commonly used florfenicol on normal and lactating sheep PON, GPX, LPO, SOD and CAT activities in vivo on lactating and non-lactating sheep.
Experimental
Chemical and reagent
All chemicals used in this study were obtained from Sigma Chem. Co and Merck (Germany) and they were analytical grade.
Animals, experimental design and sample collection
In this study, 12 mature clinically healthy Morkaraman sheep (n = 12) were used. The sheep had an average weight of 55-60 kg. Sheep were housed during 15 days in stables of Ataturk University. This animal experiment was approved ethically with protocol in Ethical Committee of Ataturk University.
We allocated 12 sheep (36 weeks old) to four groups of 3 animals: (1) normal control sheep, (2) lactating control sheep, (3) intramuscular administration with florfenicol normal sheep, and (4) intramuscular administration with florfenicol lactating sheep.
It was composed four groups, first group of three Morkaraman normal sheep and second group of three lactating Morkaraman sheep were selected for each of intramuscular administration for 24 h of florfenicol (30 mg/kg). Third and fourth groups of three Morkaraman normal sheep and three Morkaraman lactating sheep were included for a control group, which were not subject to any drug administration. Florfenicol are generally used in dose of 20-40 mg/kg. Therefore, we used a dose rate of 30 mg/kg in this study [8] .
Blood and milk samples were taken from normal and lactating Morkaraman sheep during 24 h. While blood samples were taking from normal and lactating sheep, milk samples were taken from lactating sheep. The blood samples were collected from the jugular vein of each sheep at 0.5, 0.75, 1, 2, 4, 6, 8, 12, 18, and 24 h after drug administration in tubes containing heparin. Then, serum was separated by centrifugation to serum and erythrocytes. Serum, erythrocytes and milk samples were kept at −80 • C until analysis. Enzyme activities were not affected by freezing and storage at −80 • C.
Measurement of PON1 activity
Paraoxonase activity was measured using paraoxon as a substrate by spectrophotometrical method. All rates were determined in triplicate and corrected for the non-enzymatic hydrolysis. Reaction was started by the addition of 50 L of serum and it was followed for 5 min at 37 • C by monitoring the appearance of p-nitrophenol at 412 nm in a T80 UV/VIS Spectrophotometer (PG Instrument Ltd.) [18] .
Measurement of CAT activity
Catalase activity was measured in the hemolysate. The catalase activity was determined at 25 • C for 3 min with the substrate H 2 O 2 according to the Aebi method [9] . The rate of disappearance of H 2 O 2 per minute in absorbance at 240 nm was determined [9] .
Measurement of SOD activity
The activity of superoxide dismutase was measured by recording the decrease in optical density of nitroblue tetrazolium (NBT) dye by hemolysate or milk in triplicate. Three milliliters of the reaction mixture contained, 2 M riboflavine, 13 mM methionine, 75 M NBT, 0.1 mM EDTA, 50 mM phosphate buffer (pH 7.8), 50 mM sodium carbonate and 25 mL the hemolysate or milk sample. Reaction was started by adding 60 L from 100 M riboflavin solution and placing the tubes under two 30 W fluorescent lamps for 15 min, then the reaction was stopped by the switching off the light and putting the tubes into dark and the changes in absorbance was determined at 560 nm. The amount of enzyme required to inhibit the reduction of NBT by 50% under the specified conditions was defined as one unit of SOD activity [34] .
Measurement of GPX activity
Glutathione peroxidase (GPX) catalyzes the oxidation of glutathione using tert-butyl hydroperoxide. Oxidized glutathione was converted to the reduced form in the presence of glutathione reductase and NADPH which was oxidized to NADP. The absorbance of NADPH was measured at 340 nm. The absorbance change per minute and the molar extinction coefficient of NADPH are used as 6.22 × 10 −3 mol −1 L cm −1 to calculate GPX activity, expressed as unit per gram of hemoglobin (U/g Hb) [25] .
Measurement of LPO activity
LPO activities were determined by modified the procedure of Shindler and Bardsley [16] . The product was obtained from the oxidation of ABTS as a chromogenic substrate by H 2 O 2 and the charge in absorbance was determined at 412 nm during 3 min for per minute. One unit of enzyme was defined as the amount of enzyme catalyzing the oxidation of 1 mol of ABTS min −1 at 298 K.
Statistical analysis
Statistical analysis was performed by using Minitab program for Windows, version 1002 Analysis of variance, ANOVA and mean comparisons were performed by using Duncan's multiple range test. Data were presented as mean-SD. Data were analyzed by using the independent t-test. Statistical significance was considered at p < 0.05.
Results and discussion
Florfenicol is useful for the prevention and treatment of bacterial infections due to susceptible pathogens in birds, reptiles, fish, shellfish and mammals. It is a broad-spectrum antibiotic with activity against many gram-negative and gram-positive bacteria. In this study, investigation of effects of florfenicol on normal and lactating sheep's serum PON, erythrocyte CAT, SOD, GPX and milk PON, CAT, SOD, LPO was proposed. PON enzyme activity was increased in taken serum and milk samples from normal sheep after 1 h. The highest activation was observed in the serum samples taken from normal sheep in 90th minute. Florfenicol was activated to CAT enzyme activity in normal sheep in 4th hour, but it did not change too much. Erythrocyte SOD enzyme was inhibited from 31.35 ± 0.92 EU/mL to 13.4 ± 1.98 EU/mL according to control by Florfenicol in the first half hour. SOD enzyme activity has recovered after 12 h. Florfenicol inhibited to the GPX enzyme activities after 8 h as well. The level of the highest inhibition for GPX enzyme was observed at 8th hour as 0.5 ± 0.03 EU/mL (Fig. 1) . The values p < 0.05 were considered significant.
The effects of florfenicol on the activities of PON, CAT, SOD and GPX enzymes in the lactating sheep were presented in Fig. 2 . PON and erythrocyte CAT enzymes were activated in taken serum samples from lactating sheep which was applied florfenicol. The highest activation values were determined for PON1 from 24.75 ± 0.78 EU/mL to 33.3 ± 0.28 EU/mL in the 2nd hour and CAT enzyme from 47.5 ± 1.13 EU/mL to 58.05 ± 0.78 EU/mL. Erythrocyte SOD and GPX enzymes were inhibited. While SOD was inhibiting from 31.35 ± 0.92 EU/mL to 19.6 ± 0.00 EU/mL as level of 64% in the 2nd hour, GPX was inhibited from 2.14 ± 0.65 EU/mL to 0.5 ± 0.03 EU/mL as level of 95%. According to the results observed, florfenicol had inhibited to the erythrocyte GPX enzyme from the antioxidant enzyme of lactating Morkaraman sheep at highest level (Fig. 2) . The results showed that florfenicol effects on the activities of antioxidant enzymes are similar in both normal and lactating sheep. However, it was determined that in normal sheep, PON and CAT enzymes were activated more in less time.
While florfenicol drug did not affect the milk PON and SOD enzyme activities, the drug was inhibited to the activities of CAT and LPO enzymes in the taken samples from lactating sheep. In the 12th hour, milk CAT enzyme activity was inhibited from 19.33 ± 2.42 EU/mL to 2.66 ± 0.31 EU/mL according to control. Milk LPO was also inhibited from 1.34 ± 0.34 EU/mL to 0.264 ± 0.085 EU/mL and it was determined that the activities of both enzymes were gained back their activities after 18 h (Fig. 3) . In addition, it was determined from observed data that milk samples had also the highest SOD enzyme activity. The effect of florfenicol on normal serum antioxidant enzymes activity was affected at different rates from lactating serum antioxidant enzymes activity.
There are some researches in literature about the effects of various drugs on PON1 enzyme activity [26, 33] . For example, inhibitory effects of glimepiride and acetylsalicylic acid on rat were investigated. It was observed that these drugs significantly inhibited the enzyme activity [26, 33] . However any reports could not be found about the effect of florfenicol on the activity of PON 1 of sheep. Thus, we analyzed the alterations on PON1 activity from serum of normal and lactating Morkaraman sheep at dosage of 30 mg/kg for each sheep as in vivo (Figs. 1 and 2) . We observed that both normal and lactating sheep's serum PON1 activity was increased, but milk PON1 was not effected by florfenicol drug.
Aydin et al. [10] reported the effect of carazolol on catalase and superoxide dismutase in sheep. Both SOD and catalase enzymatic activity failed to exhibit any changes according to control group. There were not enough investigations on sheep CAT and SOD enzymes, so, we aimed to investigate whether they were effected or not by florfenicol. In this research, while erythrocyte CAT was activated, milk CAT enzyme was inhibited in taken samples from normal and lactating sheep (Fig. 3) . While SOD was inhibited in normal and lactating sheep, milk SOD enzyme was not affected. CAT and SOD have high affinities and rates of reactions with ROS. For this reason, it may be thought that these enzymes afford more effective protection against acute massive oxidative results, such as inflammation.
The effects of sulfur and molybdenum were investigated on glutathione peroxidase activity at different dietary concentrations in sheep by Abdel-Rahim et al. [2] . They observed that there were probably no major effects of sulfur and selenium on glutathione peroxidase in the sheep. We aimed in the current study to analyze the effect of florfenicol on erythrocyte GPX and milk LPO in normal and lactating sheep. It was also observed from this research that sheep erythrocyte GPX and milk LPO were strongly inhibited in both normal and lactating sheep.
Conclusion
PON, CAT, SOD, GPX and LPO activities have a substantial impact on the risk of cancer, organophosphate poisoning, developing cardiovascular disease, damaging cell and DNA. It is thought that more extensive inhibition studies are necessary for a better understanding of the protective role of antioxidative enzymes against the toxic effects of xenobiotics, including environmental heavy metals and oxidative stress by-products. However, there are only few studies regarding effects of drugs on antioxidative enzymes activities in literature. More detailed structure-function analyses are indicated to determine the relationship between its PON, CAT, SOD, GPX and LPO and their antioxidative actions. For this purpose, we analyzed the in vivo influences of commonly used antibacterial, namely florfenicol, on the activity of normal and lactating sheep PON, CAT, SOD, GPX and LPO.
In conclusion, analysis of the data extracted from this study, can obviously present florfenicol as an antibiotic for the safe use in treating bacterial infections. Despite the well known fact that antibiotics are inhibitors or activators, our results have confirmed that the marked diminish or increasing of antioxidative enzyme activities but the activities of all antioxidative enzymes were gained back their activities after 18 h in both normal and lactating sheep.
